Introduction
a result, the mandarin industry has a serious problem of oversupply on the fresh market, R ecently about 4 million tons of citrus so about 750 thousand tons have been used for fruits have been produced annually, the main processing , 26% going for canning and 73% species grown being satsuma mandarin, which by weight going to the juice industry (12) . accounts for 3/4 of the total production. As After juice is extracted from fruits , peel and almost equal to that of the juice. The refuse has been used mainly for live-stock and as the raw materials of vinegar, molases, dried pulp, orange flour and feed yeast. However, except for these limited uses, pulp refuse is treated as waste and is discarded. Because pulp refuse soon deteriorates, giving off a nauseating odour which may be ascribed to the sugar content, it has to be disposed of as quickly as possible.
This study was performed to determine whether pulp refuse could be transformed into profitable materials such as dietary fiber (7, 5, 13 ).
Materials
and Methods 1. Preparation of pulp refuse Several species of citrus fruits, Wase satsuma mandarin, satsuma mandarin, Hassaku, Natsudaidai, Kawano-Natsudaidai, Silverhill, tangelo, sour orange, grapefruit and Kotobukikan were sampled at the experimental farm of Kinki University.
Each fruit was separated into juice and pulp refuse in a juicer (Type J. C. 300, Fuji Denki), and the pulp refuse centrifuged to exclude remaining juice.
The pulp refuse prepared by the above process was sticky and deep orange in color. Other pulp refuse of satsuma mandarin from a FMC-In-Line juice extractor (FMC Corp, Lakeland, Fla.) was also sampled at Kainan and Nankai Kako juice plant for comparison with the laboratory sample.
2. Preparation of washed, dried pulp refuse The pulp refuse was washed with warm water and agitated continuously for 10-15 minutes, then passed through a nylon cloth to separate pulp refuse from liquid. The pulp refuse was then squeezed and returned to the washing tank.
This procedure was repeated 15-20 times to leach out as much sugar and other soluble solids as possible. After the final washing, any remaining liquid was squeezed from the pulp refuse. The washed pulp refuse was then spread thinly at the bottom of a box covered with transparent plastic film and exposed to sunlight for 8 h. at 35-40°C and humidity above 80%. This procedure bleached the pulp refuse from orange to white. The white, washed pulp refuse ENT] AL SOURCE OF DIETARY FIBER 355 was dehydrated by centrifugation and dried at 50°C in a common dryer or at 35°C in a vaccum dryer. The washed, dried pulp refuse (WDP) was then ground into soft white powder of 60-120 mesh in a Willey pulverizer.
3. Treatment of washed, dried pulp refuse by cellulase This treatment was carried out to improve water or oil holding capacities.
One gram of WDP and 25 ml of buffer solution (pH 6. 81, equal volume of M/15 Na2HPO4 and M/15 KH2PO4) were put in conical : flasks A, B, C, D and E, after which the following additions were made : 0.125 g cellulase was added to flask A, 0.25 g cellulase to flasks B, C and D, and 0.5 g cellulase to flask E. Flasks A, C and E were left to stand at 36°C for 1 h., flask B at 36°C for 30 minutes and flask D at 36°C for 2 h. After these treatments, each sample was heated at 80°C for 5 minutes, filtrated and the residue dried.
4. Microscopic examination A slice of segment wall was cut with a knife and fixed in isoamyl alcohol and dried by critical drying using liquefied carbon dioxide (Critical point drying apparatus, HCP-2, Hitachi).
The dried sample was coated with gold by ion sputtercoating (Ion sputtering apparatus, J. F. C.-1100, Nippon Denki). The sample was viewed and photographed through a scanning electron microscope (TMS -15 , Nippon Denki) (1, 2, 14).
Chemical analyses
The following analyses were made on pulp refuse and WDP. Crude protein, crude fat, crude fiber and ash contents were determined by the A. 0. A. C. procedure (4).
The percentage of nitrogen free extract (NFE) was estimated by subtracting the percentage of crude protein, crude fat, crude fiber and ash from 100 (6). The pectic substances in alcohol insoluble solid (AIS) prepared from pulp refuse and from WDP were measured by the Carre Haynes method, and cellulose and hemicellulose amounts by the Jermyn method modified by Mach ida (3, 8, 10) . Since it has been widely reported that there are large differences among the determined values of fiber using the A. 0. A. C. procedure, cellulose, hemicellulose and lignin contents YOSHIDA, Y. AND M. UEDA in WDP were determined by the neutral detergent fiber method (NDF), the acid detergent fiber method (ADF) and the acid detergent fiber-lignin method (ADF-lignin), as shown in Fig. 1 and 2 (5, 11, 15).
6. Measurement of physical properties Maximum water or oil holding capacities of WDP were determined by the method of Kiriyama and Takeda (5). One gram of WDP was placed on a filter paper fitted in a stainless steel vessel (diameter 6 cm, depth 3 cm) with wire mesh base (24 mesh). This vessel was dipped in water or oil (Salad oil), left to drip naturally and then the sample was weighed.
The difference between the weight of sample before and after dipping was defined as the water or oil holding capacity. The settling volume (SV) of WDP was determined by the method of Middleton and Byers (9) . One gram of WDP was placed in a measuring cylinder with 150 ml water, allowed to stand under reduced pressure, then made up 200 ml with water.
After 24 h., the SV was read.
Results and Discussion Table 1 shows the weight ratio of peel refuse, juice and pulp refuse to whole fruits with several laboratory samples after juice extraction.
The weight ratio of fruit juice to whole fruit ranged from 52 to 59% in Wase satsuma mandarin and satsuma mandarin and from 43 to 50% in Hassaku, Natsudaidai and Kawano-Natsudaidai.
The weight ratio of peel refuse to whole fruit was in the range of 21-29% in Wase satsuma mandarin and satsuma mandarin and of 28-35% in Hassaku, Natsudaidai and Kawano-Natsudaidai, while the weight ratio of pulp refuse to whole fruit ranged from 16 to 23% in Wase satsuma mandarin and satsuma mandarin and from 22 to 25% in Hassaku, Natsudaidai and KawanoNatsudaidai. The percentage of peel and pulp refuse of Hassaku, Natsudaidai and KawanoNatsudaidai was a little higher than for Wase satsuma mandarin and satsuma mandarin. Wase satsuma mandarin and satsuma mandarin are the main citrus fruits used for juice processing in Japan.
When juice is extracted from one ton of these fruits, the yield of peel and pulp refuse is 410-440 Kg from Wase satsuma mandarin and 480 Kg from satsuma mandarin.
These large amounts of peel and pulp refuse produced have to be treated quickly otherwise they go rancid due to the juice still contained. The profitable use of these materials is important for the viability of the juice plant. Table 2 shows the results of proximate analyses on dry matter of pulp refuse of various source. The laboratory samples contained 8.0-19.8% crude protein, 4.6-12.3% crude fat, 9.4-16.0% crude fiber, 2.5-5.3% ash and 48.1-71.5% NFE.
Among species tested, there was considerable variation in protein and fat content, but only a small variation in fiber and ash content.
NFEI content had the highest value in all components.
The juice plant sample showed similar values for protein, fiber, ash and NFE.
Recently, it has been reported by many workers that dietary fiber is physiological beneficial to human metabolism, and that the main components of dietary fiber are pectic substances, cellulose and hemicellulose. On the other hand, there are large differences between values of crude fiber determined by A. 0. A. C. procedure. In addition, pectic substances are excluded from the determination because the A. 0. A. C. method includes them as a part of NFE. Therefore pectic substances, cellulose and hemicellulose amounts, based on dry matter of pulp refuse, were accurately determined by the Cane Haynes and Jermyn method. Table 3 shows the results of these analyses on Wase satsuma mandarin, satsuma mandarin and hassaku.
Dry matter of pulp refuse comprised 7.2-14.7% pectic substances, 6.5-10. 0% cellulose and 1.3-2.8% hemicellulose. As compared with juice plant samples, the level of pectic substances and cellulose from laboratory samples were a little high, but there was little difference in hemicellulose amounts.
Hemicellulose was the smallest of the three components.
Differences in hemicellulose contents were possibly due to differ- Since these values are too low for the profitable uses of pulp refuse as dietary fiber, more refining of pulp refuse will be necessary to obtain a product of rich in pectic substances, cellulose and hem icellulose. Table 4 shows the yields of WDP and the treatment conditions. Vase satsuma mandarin and satsuma mandarin were washed 20 times with warm water; the volumes used for washing were 154 ml/g for Wase satsuma mandarin to 108 ml/g for Natsudaidai.
Both washing times and the volume of warm water used for Wase satsuma mandarin and satsuma mandarin were higher than for other species tested.
The recovery of WDP was about 5 % with each sample, so that if one ton of pulp refuse is treated by this process, 50 Kg of WDP can be produced.
When the pulp refuse was washed thoroughly, it was transformed from a deep orange, sticky material into a clear light-orange product. Since insufficient washing produced a dark brown product, the pulp refuse had to be washed thoroughly until it did not hold any water soluble solid. White, soft and bulky pulp refuse could only be produced after sufficient washing of pulp refuse. When washed pulp refuse was exposed to sunlight at 35-40°C and humidity above 80%, the refuse turned from orange to white, maybe due to oxidation and photochemical reactions of carotinoids.
Great care had also to be taken in drying the white refuse.
A moisture content of 11-12% in WDP was found most suitable for handling.
Further drying made the pulp refuse hard, while moisture contents above 12% made the product too wet.
As shown in Fig. 3 , cross section of segment wall had a honeycomb like structure. It is considered that this organization is effective for retaining water or oil. Water or oil holding capacities of WDP would be affected by the size and number of holes present in this structure. Table 5 shows the results of proximal analyses of WDP. What is evident from this table is the high content of NFE, which amounted to 49.8-63.2% of total weight. Because sugar and organic acid containing water soluble solids would have been remov- Table 4 .
Yield of washed, dried pulp refuse from wet pulp refuse and condition of washing. ed during the washing process, the remaining NFE was considered to be rich in pectic substances. Crude fiber, which accounted for 25.2-30.5%, was another major component, and showed similar values regardless of the source tested.
The sum of both components amounted to 78.2-87.1% of total weight. Compared with values from the same species in Table 2 , it was found that crude protein and crude fat contents, which are useless components for dietary fiber, dropped below about half of the original sample after the washing procedure.
In both components there were also some differences between species; Kotobukikan had the highest crude protein content and Kawano-Natsudaidai had the highest crude fat content.
Crude fat content of the juice plant sample was remarkably low compared with that of the laboratory sample.
Since fat would be easily oxidized to give off-flavor compounds, the juice plant samples would be excellent for long terms preservation.
Ash contents ranged from 2.2 to 3.7% for the laboratory sample and from 2.0 to 3.1% for the juice plant sample. It was found that the main components of WDP were fiber and NFE. Table 6 shows pectic substances, cellulose and hemicellulose amounts in dry matter of WDP.
Compared with the level of pectic substances, cellulose and hemicellulose shown in Table 3 , these components increased significantly.
In laboratory samples, the content of pectic substances varied considerably between species, from a maximum value of 37.5% to a minimum value of 12.3%. The highest value was observed in satsuma mandarin, followed by Kawano-Natsudaidai, Natsudaidai, Hassaku, Wase satsuma mandarin in that order.
Sour orange, tangelo, grapefruit had low contents of pectic substances, and Kotobukikan had the lowest value of all samples.
Comparing the value for satsuma mandarin with those from the juice plant samples, pectic substance content tended to be highest in the laboratory sample.
Cellulose content was in the range of 10.6-29.6 %, while hemicellulose content was more The combined levels of pectic substances, cellulose and hemicellulose were about 39.5% for Kotobukikan and 68.4% for satsuma mandarin. Table 7 shows the results of analyses of WDP by NDF (neutral detergent fiber), ADF (acid detergent fiber) and ADF-lignin (acid detergent fiber-lignin) methods.
NDF values ranged from 31.9% with Wase satsuma mandarin to 45.2% with Kotobukikan.
ADF and ADF-lignin values ranged from 30.0% with Kawano-Natsudaidai to 38.4% with Hassaku and from 2.1% with satsuma mandarin to 5.8% with Kawano-Natsudaidai, respectively. WDP contained 24.2-34.8% cellulose and 0.3 -9 .1% hem icellulose. Hassaku had the highest value for cellulose and Kawano-Natsudaidai for hemicellulose.
In the same species, the sum of cellulose and hemicellulose content in Table 7 had a higher value than the level of crude fiber (shown in Table 5 ). This would indicate uncertainly over the A. 0. A. C. method.
The values of cellulose and hemicellulose in Tables 6 and 7 were not in agreement, even when considered in terms of base units.
Obviously further studies are necessary.
However these data clearly showed that our refining system increased the combined level of pectin, cellulose and hemicellulose in WDP, with the degree varying among species tested. Fig. 4 shows the effect of cellulase treatment on water or oil holding capacities of WDP.
Water holding capacity was 9.7 g/g with the untreated sample and 11.8-15.1 g/g with the treated sample. The pulp refuse treated for 1 h, by 1 % cellulase gave the best holding capacities of all samples. Evidently cellulase treatment resulted in a significant improvement in the water holding capacity. The pulp refuse treated for 2 h. by 1.0% cellulase showed the best oil holding capacity, which was 9.3 g/g. It was concluded that the improvement of water or oil holding capacities by cellulase treatment was due to an increase in the penetration of water or oil, due to loosening of cell wall binding. The SV of WDP was 10.4 ml/g with Wase satsuma mandarin and 10.3 ml/g with satsuma mandarin.
From these results we suggest that pulp refuse is a potential source for dietary fiber. Moisture, neutral detergent fiber (NDF), acid detergent fiber (ADF) and acid detergent fiber-lignin (ADF-lignin) amounts in washed, dried pulp refuse. 
